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http://www.eia.doe. go v/emeu/aer/pdf/pages/sec 1 0 _2.pdf 





Energy Sources Primarily NonRenewable Hydrocarbon 



http://www.eia.doe.gov/emeu/aer/pdf/pages/secl l_2.pdf 
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which comes from petroleum 
Hydrocarbons emissions measured as C02 
Fuels have major impact on aircraft design and use 


Alternate Fuels Effect Aircraft Design 
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Alternate fuels as ethanol, biodiesel become arable 
land intensive ( food or fuel issues ) 


National Aeronautics and Space Administration 
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World emissions are increasing with hydrocarbon use 


World Carbon (C02) Emissions Problem 
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Note Scale Change 
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Hansen, J., Sato, M., Ruedy, R. Lo, K., Lea, D.W., Medina-Elizade, M.; Global Temperature Change, 
PNAS Sept. 26, 2006, Vol. 103, No. 39, pp 14288-14293. 

http://pubs.giss.nasa.gov/docs/2006/20Q6 Hansen etal 1 .pdf : accessed 25 September 2006 
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temperatures which in turn impacts planet stability 


Gas Hydrates (Clathrates), Solar & Biomass Locations 
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Warming most prevalent in Northern Hemisphere 

v. netl.doe.gov/scngo/NaturalGas/hydrates/databank/HydLocations.htm 





Global Energy Sector Response 

Biotic theory petroleum (fossil): limits reserves perhaps 50 years 
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Figure 1: Burning Methane Hydrate in the Lab. [1] 


I 


if) 

0 


o 

'-t— * 

03 

- 4 — < 

c/3 

'g 

E 

< 

0 

o 

03 

Q_ 

CO 


0 

o 


03 

c 

o 

i_ 

0 

< 

"ro 

c: 

o 

-t— < 

TO 


0 
c 
o 

'03 

0 

03 C 

0 0 
0 _C 

O t 
O O 
c Z 

0 /IN 

Q_ 0 ^ 
0 £ ^ 
-)u_ 

-D O 2 
0 0 0 
0 C-C 
0.0 £ 

0 03 0 

g 0 0 

'Si 0 

c 0 0 

j= o > 
0 0 0 

1 

lit 

DC? 

0 — E 

0 "m TD 

0 £ c 

2_q^ 

•g.5 a; 

E *0 s- 
^=5 0 

0 ° JZ 

£Z 0 Q- 

0 fe.| 

0^0 
^ 0l 


0 

>n2 

0 -C 
£ 0 
0-0 

|Sf 

S m §; 

T- 0 ^ 
0 

o c o 
4 ='Z c 
0 0 = 

E Q.'i 

E 0 ^ 
0 0 
Q.TD 


O O 


c 

0 

0 

O 


0 

£ 

o 


SI 
£ 0 
.go 

CL -0 

m 0 

1=3 0 
0 C 

o 

0 -£ 

0 0 
0 w 

02 

>%-o 

JZ c 

0 10 

0 E 

JZ o 

LO 


0 

13 

0 

0 

0 


0 


0 

0 

Q_ 

E 

0 

0 


0 0 
0 


0 

O 

o 

0 

0 


0 

>2 
0 ro 
.E E 

Q_ 

O 


O 

O 


0 
E 
o 

0 
_Q 5= 

0 c 
0 0 
0 
o 
o 

c 
o 


0 

0 

0 

0 


2 03 

^E 

_c O 
0^ 
£ o 

^ 0 
3 = 0 
0 C- 

E -§ 

e| 

■^3 0 

— 0 
0 y 

o~ 


O 

o 
0 


0 

0 0 
03 03 

® S 


03 y 
O Q 

O 2 

0 ^ 
03.E 


0 


00 


E 

o 

o 

0 

_Q 


0 

O 


£=:♦=: 
0 ^ 
0 > 
0 0 


03 

C 


0 


~o , — 

o 0 

S3 

0 0 

P 03 

_c .E 

0 0 

_C 0 
-*-> 0 

03E 

£Z O 

1 1 

0 , , 

^ 0 


O 

CM 

O 

O 

0 

O 


0 

0 0 
” Q) 

>nQ. 

0 
> 

O 
o 
0 


0 

E.-Q- 

^ 0 O) 
< 


0 


o 

c 

g| 

jS o 

E.I 

?s 

~ 0 

.E 03 

E 0 

1|> 

§2 


co 


0 
C 
0 

0 

E 

0 0 
0 0 
0 03 

0 0 
0 0 
*“ zs 
>o 

= JZ 0 


JD 

0 

CO 

o 

o 


c 

0 

0 

O 

o 


0 

o 


o 

0 

Q_ 


c 

_ 0 
C 2 
0 03 E 
0 0 

= 0 ^ 
> 0 — 
^ «M-S 

03Q 0 
■Eq GO 
0 


0 0 


0 

JD 

O 

9 

=) 

< 

CD 


0 

0 


0 

"O 

> 


O 0 — 


0 

0 

E 


0 

c 

0 

0 


OP 

0 E 

1 ^ 
0 ^ 

TD 
. O 

E E 
o E 

^ o 

do 
CD o 
Oo> 

CM P 
CD 0 
. . 0 
_0 -Q 

Q.C 

E^ 

0 o 

X O 

LLJCO 

0 p 
0 -= 

II 

Q S 

>>0 

1 E 

0 LO 
CO I] 

S- 5 Z 

O 0 

O 0 


C §■ 

0 c. 

0 Q - 

0-5; 


O 


> 

o 

CD 

CD 

W 

CD 


NASA/CP— 2007-2 1 4995/VOL 1 


100 


Atlantic ocean (near shore residents and aquatic life probably would not have survived ) 

http://www.discover.com/issues/mar-04/cover/?paqe=5 (access 13Nov06) 
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> algae beds (20kgal-biodiesel/acre/yr) 20 X Smalley site. 
Can use brackish or fresh water, pond or column systems 
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Global Energy Sector Response (concl) 
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Stratospheric Sulfur Injection Global Cooling Switch 
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Experiments are to prove concepts - outcome uncertain 
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Potential Global Energy Sector Response 
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changes with attendant response. 


New Sealing and Fluid Flow Challenges 
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FT and bio fuels materials compatibility 
Interface coatings, nanoparticulates, catalytic 


